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Name: Narrow Wide Technique Continuum Interpolated
Band Ratio

Linear Regression Ratio

Shortcut: N/W CIBR LIRR
Figure :
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Equation:
RN /W = Lnarrow

Lwide

RCIBR = Lm

ω r1 ⋅ Lr1 + ω r2 ⋅ Lr2
RLIRR = Lm

LIR λ r[ ] , Lr[ ]( )
λm

Parameters:Lnarrow : (averaged) radiance  in a
narrow measurement band

Lwide : (averaged) radiance in a
wide band at the same cen-
tral wavelength as Lnarrow

ω r1 = λ r2 − λ m

λ r2 − λ r1

ω r2 = λ r1 − λ m

λ r2 − λ r1

Lm : mean radiance of all
measurement channels;

LIR(x,y): linear regression line
through points (x,y)

# Ref.-ch: 1 (includes mesurement area) exactly 2 at least 3

# M.-ch: 1 exactly 1 at least 1

Source: Frouin, 1989 Bruegge, 1990 Schläpfer, 1996

remarks multispectral approach, in the
hyperspectral case the channel
sets are averaged

often used water vapor retrieval
technique of high
computational speed

extended CIBR technique,
reduces total noise of the
sensor

�B99A<?>= 7�� ý�èaÌ'Ì½Í@ØsÏ¨úFÏ¨Ð�Î�ÙMÝ|Þ�Ï�ë<ÕQØsÕFÐ�×sÏÑÍMÜdÍMä�ÒÂÙ@ØsÔa×sÏ¨ÙyÐê×sÕFÖUÛaÐ�ÏÑì�è�ÕFÒFé�èaÒÂÕOÞêÝWÙ@Ø³×sÛ�Õ`àáÍ@×sÕQØTâyÍ@ÔDÙMØ®ØsÕQ×ÂØsÏ¨ÕFâMÍMÜ

� �"����������
	D�
	�� �� ���������6��6	b�������������J����a������	 ���B��� 	��
�������

8^; ZS=@LQ=@:�XU;W9"?�99A[VUZ�LQIDXQ;hZa:�+�8(-2>�XQ=MCFE<:[;$N�l<=yV|9"LQ=®9fI<LF9�COXQ;>CM99A<?>=:�f9�&�XUZ�j<={XU=ML'�ã;>:<=áXULF9�C@=: a9aV C{Za:aXQ=@:�XQV�JKLUZH��9�VUId=yCOXULQl!�
Z"J|9�:p99AdVYZaLUIDXQ;hZa:�A[9":dj�PO��E<;>CFEß9"LQ=w=M9aVf&ùXUZê;*�ãI<?>=��ã=M:aX�9�X`?hZ@��C@Z=�ãI<lDXQ;h:� ½XU;$�ã=^C@ZaVYXQVM]BmÂ:b �=@:[=@LF9"?<XQE<=�&åI�=@LUJKZ�L%� 9
LF9�XU;>Z�;>:! aA�={XM�`=@=M:pCFE[9":[:<=@?WV:��;hXUE<;>:ÓXQE<=�99AdVYZaLUIDXQ;hZa:ãJK=M9"XUl<LQ=B+`�ã=y9�VUl<LU=��ã=@:�XTCFE[9�:<:<=@?WV?>®9":[jåCFEd9":<:<=M?>V¿;h:p;ÑXFVE��;>C@;h:[;ÑXM&
+KLQ={JK=MLU=M:[C{=êCFE[9":<:[=@?WV%>`XQZpjD=@XU=MC{X�XQE<=½LQ=@?W9�XU;$��=½VYXULQ=@:� "XUE\Z�J¿99A[VUZ�LQIDXQ;hZa: ]D�#�`Z��å9@lsZaL�8(-&XU=MCFE[:<;$N�l<=yV(�`=@LQ='l[VU=MjkJKZaL
EO&�Id=MLQVUId=yCOXQLQ9�?�;$�å99 �;>:! 1VYI�=MC{XULQZ=�ã={XQL'&\9":dj�C{ZH�ãI[9"LQ=Mj�AO&/R`9�LUL�\=@LQ='={X'9"?u]�+ 7 ]=]H^ > � �fE<=�h^9"LQLUZ@���@��;>j<='XU=yCFE<:<;GNal[=
+! [LUZal<;>:p={Xf9"?u]hP 7 ]=]=R >®9":djãXUE<=½RTZ�:�XQ;h:�l<l!�ömÂ:�XQ=@LQIdZa?>9"XU=Mjp_`9�:[j�3w9"XU;>Z�+�_TLQl<=� = �=�={X�9"?u]hP 7�]H]=R >O]0-�XUE[;hLFjåXQ=MCFE<:<;GN�l<=�P
XUE[=#" ;>:<=M9�L�mÂ:aXQ=@LQIdZa?>9"XU=yjßLQ=� aLU=yVUVU;>Z�:ÓLF9�XQ;hZ �f9�Vf;>:aXQLUZDjDldC{=Mj AO&1A<CFE<?uG9�IDJK=@L�=@X�9"?u]W+ 7 ]=]%$ >O]TRTl[L'�a=2L[XYXU;>:! ãXQ=MCFE<:<;GN�l<=MV
+ 4 9�Zù9�:[j 4 Z�=@X'F�P 7 ]=]HR 9H>³9"LQ=�:<Z�X�C@Z�:[VU;WjD=@LQ=Mjå;>:ßXUE<;WVfVsXQl[j;&�P;A�=MCM9"l[VU=
Z"J XQE<=@;>L�E<;$ �E<=ML`C@Z=�ãI<?>=
XD;ÑXM&Ó9�:[jpC@Z=�ãI<lDXQ;h:� 
XU;$�ã=�]E�B99A<?>= 7 VYE[Z@�wV`9åVUl!� �å9"LQ;*FM;h:� ùC@Z=�ãI<;>?>9"XU;>Z�:1Z"JBXUE<=gXQE<LU=M=��ù=M:�XU;>Z�:<=yjpXQ=MCFE<:[;$N�l<=yV@]

P



� ��B������a����� 	 �� ����� �a� � � � �#���B���� �B ��������b��B�����6� ���������6 �B	b������� �����
�J����a������	 ���V����	��
������� ���6� �	�

8^l<:�XU?>=�&ù;h: 7 ] Q�
�+�VU=@=(< ;>j<j<?h=@XUZ�:|P 7 ]Hj PH>�=
XDI<LQ=MVQVY=yj½XQE<=wLF9�jD;W9":[C@=�,�ù=y9�VUl<LQ=Mjê;h:åZa:<=wVYI�=MC@; L�C�CFE[9":<:[=@?!AO&ê9'VU=@:dVYZaL
9�V �

����� 7�������������� � � �"! + 7# ��$ >&% + 7 >
��E<=MLU= � � ;>V^XQE<=ã=
X�XULF9�XQ=@LQLU=yVsXQLU;W9"?BVYZa?>9�L^;>LULF9�j<;>9�:[C{=aP � ����� ;>V
XQE<=ÅXQZ"XF9"?BXULF9":[V'�ã;ÑXUXQ9�:[C{=ùZ"JTXUE<=ã=M9�LYXQETS V^9"X'�ãZaVUI<E<=MLU=aP� � �"! ;WVTXUE<='LF9�j<;>9�:[C{=^Z�:<=8�TZal<?Wjb�ã=M9aVYl[LU=
;h:k9êI<?>9�:<=gI[9"LF9"?>?>=@?S9�X'�ãZ�VYI<E[=@LQ=^;>:ßE[Z�LQ;*FMZ�:�XQ9�?�jD;>LQ=MCOXQ;hZa:ß9�:[j � $ ;WV`XUE[=C{ZaLULQ=MVUI�Z�:[jD;>:! åVUId=yC{;W9"? XQLQ9�:[V'�ù;WVQVY;>Z�:ßXU=ML'� +�8^l<:�XU?>=�&\9�VQVUl!�ã=MV � � ���'� � � $ >O])�fE<=Å9�I<I[9�LU=M:aX( aLUZal<:[j1LQ=
c[=yCOXQ9�:[C{=��;>:[C{?>l[jD=yV`XUE<=gLQ=
c[=yCOXQ9�:[C{=^Z"J�XUE<=gZ=AdVY=ML'�a=MjåI<;*XD=@?�9�VD�`=@?>?�9�V`Z"J�XUE<='9�j@lY9�C{=M:�Xf9�LU=y9b+�9aj�lY9�C@=@:[C�&å=
ZS=MC{XQV?>O]®mHXfXUE<=MLU=@JKZ�LQ=
:<=���=@LfC@9�:b a={XfXUZ�F@=MLUZê;h:1LU=y9"?>;ÑXM&a]:-w?>?dXQE<=gI[9"LF99�ã=@XU=@LFVTZ"J|= Nald9�XU;>Z�: + 7 >T9�LU=
jD=@I�=@:djD=@:�X�Z�:pXUE<='C{=M:�XULF9"? �`9��a=@?>=@:! �XUE
Z"JBXUE[='l[VY=yjßCFEd9":<:<=M?�]

�fE<=`XUZ�XQ9�?�XULF9":[V'�ã;ÑXUXQ9":dC{=f;>V³:<Z@��VUI<?h;hX³;>:aXQZgXUE<=#�f9�XQ=@L:��9"I�Z�LáXQLQ9�:[Vf�ã;hXYXF9":[C@= �)()* 9�:[jù9^LQ=MVU;WjDl[9"?�XQLQ9�:[V'�ù;hXYXF9":[C@=��� P!��E[;>CFE\jD=MId=M:[j<V�Za:k9�=@LQZaVUZ�?WVf9":[j  a9aV�99A[VUZ�LQIDXQ;hZa:[V@]:�fE<=½VU=MC@Z�:[jßXQ=@L%� ;>: 7 ;WVfXUE[=6A[9�C?IDVQC@9"XYXU=MLU=yjp9"X'�ãZaVUI<E<=MLU;WCI[9"XUEåLF9�jD;W9":[C@=f:<Z"X¿LQ=
cd=MCOXQ=Mj AO&½XQE<=( aLUZal<:[j�+��,+ �.- �/� � ��! + 70# � $ >'>OP�9�V®I[9�LQ9=�ã={XULQ;$F@=Mj�AO&ê8^l<:�XU?>=�&a]E�fE<=�LF9�jD;W9":[C@=9�XfXQE<=½VY=M:[VUZ�L�?>=���=M?1�òC@9":1:<Z@� Ad='=�X�I[LU=yVUVU=Mjß;h:k9åVU;*�ãI<?>=
JKZ�L%� 9�V �
�2��� �3���4��� ()* � �,+ �.- �5�76&8:9 � ()* � � + �.- +iPH>

��E<=MLU=�� 6&8:9 �;� � � � � ;>VpXUE[=\XUZ�XQ9"?2 �LQZ�l<:djòLU=�c[=MC{XU=MjòLF9�j<;>9�:[C{= 9"XÓXUE<=�VY=M:[VUZ�LÓ?>=��a=@?uP�;ÑJ½:<Zg�`9"XU=@Lb�~9�IdZaLb�`=@LQ=
I<LQ=MVU=@:�XM]<� + �.- ;>V`:<Z�XfjD=MId=M:[jD=M:aX�Za:ÓXUE[=2 aLUZal<:[jåLQ=
c[=yCOXF9":[C@=���A<lDXf;WV`VU=@:dVY;hXU;$��=^XUZêXUE<='9"X'�ãZaVUI<E<=MLU;WC�C@Z=�ãIdZ�VY;hXU;>Z�:|P;>:ßI[9�LYXQ;>C@l<?W9"L`XUZùXUE[=g9�=@LQZaVUZ�?S99�ãZ�l[:aXw9�:[jåXQE<=a�`9"XU=MLD��9�IdZaLfC@Z�:�XU=M:�XM]:�fE<=MVU=g?>9"XYXQ=@L)��9"?>l<=MVfjD=MId=M:[j1Z�:ßXUE<=� aLUZal<:[j
9"?hXU;hXUldjD=>= ]?�VU;>:! �XUE[;>Vß=�N�l[9"XU;>Z�:e�`=�L[LFVsX ��LU;hXU= XUE<=�LQ9ajD;W9":[C@=MVå;>:�XUE[LU=M=/CFE[9�:<:<=@?WVA@B�DCE%GF 7 9":[jHF9Pg��E<=@LQ=IC ;>Vß9
�ã=M9aVYl<LQ=��ã=M:aX
CFE[9":<:[=@?B;h:�9":�9=A[VYZaLUI<XU;>Z�:kLU=� �;>Z�: P�=�]  []�XUE<= ] Q R :!� �f9�XQ=@LW��9�IdZaL^99AdVYZaLUIDXQ;hZa: PS9":[jBF 7 9":[jBF9Pß9"LQ=
XM�`ZêLQ={JK=MLU=M:[C{=
CFE[9":<:[=@?WV@]:�fE<=^XULF9":[V'�ã;ÑXUXQ9�:[C{= �)()*KJ - ;WVf9½JKl[:[COXQ;hZa:ßZ�J��`9"XU=ML���9"I�Z�L`JKZaL`CFE[9�:<:<=M?4C A[lDX�:<Z"X`JKZ�L`XUE[=
LQ={JK=@LQ=@:dC{=ÅCFE[9�:<:<=M?>VLF 7 9":djBF9PD]�-�VQVYl!�ã;>:! ß9pVf�å9"?>?ájD; ZS=@LQ=@:dC{=BA�={XM�`=@=M:\XUE[=ùC@=@:�XULF9"?0�`9��a=@?>=@:! �XUE[V�M !&N 9�:[j�M !"O Z"JXUE[=�LQ={JK=@LQ=@:dC{=wCFE[9�:<:<=@?WV¿9�:[jAM !�NLP M -QP M !"O XUE<=^LQ9ajD;W9":[C@=�;h:Ó9a�ã=y9�VUl<LU=��ã=@:�XTCFE[9�:<:<=@?4� - C@9":�A�=^9�I<I<LQZ�XD;*�å9�XQ=MjAO&p9ù?h;>:<=y9"L�;>:aXQ=@LQIdZa?>9"XU;>Z�:k9�V �

� - �SR T !&N �U6&8:9 J !�NV� T !"O �76&8:9 J !WO�XY� ()*KJ -Z� � + �.- J - % + ^ >
��E<=MLU=

T !�N �
M !WO # M -M !WO # M !&N

9":dj[T !"O �
M - # M !�NM !WO # M !&N�\

+`QO>

hwZ�XU=fXQE[9�Xk�`=w9�VQVUl!�ã=TXQE<=wLQ={JK=MLU=M:[C{=wCFE[9�:<:<=M?>V®Ed9���=f:<Za�f9�XU=ML:��9"I�Z�L¿9=A[VYZaLUI<XU;>Z�: P";u] =�] ��()*KJ !&N � 7 9�:[j �)()*KJ !"O �7 ]\A�Za?*��;>:! \=�N�l[9"XU;>Z�:e+ ^ >
JKZ�L½XUE<=åXQLQ9�:[V'�ù;hXYXF9":[C@=Ó;>:(XUE<=��f9�XQ=@L6��9�IdZaLÅCFE[9":[:<=@? ��()*KJ - 9":[j(VUl!A[VYXU;hXUlDXQ;h:! E� 6&8:9 J !&N9":djG�76&8:9 J !WO JKLQZ=� = Nald9�XU;>Z�:d+iP=>k�`=WL[:djp9":ß=�N�l[9"XU;>Z�:pVU;*�ã;>?>9�L¿XQZÅXQE<=½RTms_D3 +�VU=@=�XQ99A[?h= 7 >kA<lDX#��;ÑXQEßI[LU=�YHC@Z�LQLU=yCOXU;>Z�:
XU=ML'�åV`JKZaLfXUE<=½9"X'�ãZaVUI<E<=MLU;WC
I[9�XQE1LF9�j<;>9�:[C{=yV,�,+ �.- J ] �

��()*KJ - � � - # � + �.- J -T !�N +�� !�N # � + �.- J !&N > � T !"O +�� !WO # � + �.- J !WO >
+ j >

-`Xß?>Z@�  �LQZ�l<:dj�LQ=
cd=MCOXF9":[C@=�PfXQE<=/9"X'�ãZaVUI<E<=MLU;WC\LF9�jD;W9":[C@=\;>VpXUE[= �å9@lsZaLßC{Za:�XULQ;*A<l<XUZ�LÓXUZ XQE<= XQZ"XF9"?�LF9�j<;>9�:[C{=aP
��E<=MLU=y9�V�9�XwE[;* aE<=@L�LQ=
c[=yCOXF9":[C@=gXUE<=a aLUZal<:[jßLU=�c[=MC{XU=Mj1LF9�jD;W9":dC{=
XU=ML'� jDZ=�ã;>:[9�XQ=MVM]k�fE<=êRTms_#3�=�N�l[9"XU;>Z�:,+�VU=@=gXQ9=A<?>=
7 >�;WV:A[9aVY=yjÅZa:ÅXQE<=w9�VQVYl��ùI<XU;>Z�: P�XQE[9�X®XQE<=w9�X%�ãZaVUI<E<=@LQ;WC¿I[9"XUEãLF9�jD;W9":[C@=T;WV®:<=� �?>=MC{XQ99A[?h=�99 �9";>:[VYX�XQE<=) �LQZ�l<:dj½LQ=
c[=yCOXU=yj
LF9�jD;W9":[C@=�]T��E[=@:a�`=®;h:�XULQZDjDl[C@=áXUE<=®XQZ"XF9"?"LF9�jD;W9":dC{=BJKZ�?>?hZ@��;>:! f=�N�l[9"XU;>Z�:�+iPH>�9":dj
9aVUVUl!�ã=áXUEd9�X XQE<=: �LQZ�l<:dj^LQ=
cd=MCOXF9":[C@=�Ó;WV#��=ML'&å?>Z@�'P�XUE<='ZaLU;$ �;>:[9�? RTms_#3*=�N�l[9"XU;>Z�:1LU=yjDl[C@=MV`XUZ �

^�_Y`�a0bD+�� 6 J ]dc R > c
�,+ �.- J -T !�N � + �.- J !&N � T !WO � + �.- J !WO \

+ $ >

^



A�;>:[C{=A� + �.- J !�N 9�:[j � + �.- J !"O 9�LU=ù:<=M9�LU?$& ;>:[jD=MId=M:[jD=@:�XÅZa:�XQE<=��f9�XU=ML��~9�IdZaL½C{Za:aXQ=@:�XQVMP XQE<=ßRTms_#3�;WVgXQE<=@:(I<LQZ�I�Z�L'YXU;>Z�:d9"? XQZÓXQE<=B�f9�XQ=@L(��9"I�Z�L'YÂjD=@I�=@:[j<=@:�X^9�X%�ãZaVUI<E<=@LQ;WC'I[9�XQE\LQ9ajD;W9":[C@=>� + �.- J - � � � J - R 7L# � $- X ��E<;WCFE ;WVw:<Zp?hZa:! �=MLI<LQZ�I�Z�LUXU;>Z�:[9�?�XUZ � ()*KJ - ]:��E<=M:kXUE<=aA[9aC?IO �LQZ�l<:[jÓLU=�c[=MC{XQ9":dC{=g;>VfE[;* aE PDXUE[=êRTms_D3�=�N�l[9"XU;>Z�:kLQ=MjDl[C@=MVTXUZ �
^ _d`Wa0b +.� 6 J ] c 7 > c �������	� � ()*KJ - \ +�
=>

�fE�l[VùXUE[=/RTms_D3 ;WVåI<LQZ�I�Z�LUXU;>Z�:[9�?¿XQZ � ()*KJ - Z�:<?$&�JKZ�LåE[;* aE Ad9�C?IO �LQZ�l<:dj�LU=�c[=MC{XQ9�:[C{=yV@]�-`XÓ?>Z@� A[9aC?I  aLUZal<:[j�LU=�Y
c[=yCOXQ9�:[C{=yV½XQE<=b�f9�XQ=@LV�~9�IdZaLêLQ={XQLU;>=���9�?k �=@XQVê?h=yVUVê9�CMC{l<LF9�XQ=�PáLU=yVYl[?ÑXQ;h:! /;h:�9": ZHA ��;>Z�l[VÅl<:[jD=MLU=yVsXQ;*�å9"XU;>Z�: Z@�a=@LÅj<9�L'I
VUl<LYJ�9aC{=yVV+ 4 9"Zß9�:[j 4 =MZ"X%F�P 7�]H]=R 9 >O]  <Z�Lg9":/;*�ãI<LQZ@��=yj��`9"XU=ML2��9"I�Z�L
LQ={XULQ;>=���9"?B;ÑXg;WV�XQE<=@LQ={JKZaLU=ê:<=MC@=MVQVU9�L'&ßXUZ19"I<I[?*&
XUE[=½jD=@LQ;*�a=Mj -WCT8(-*XU=yCFE<:<;GNal[=
;>:[VYXU=y9�j1Z"J�XUE<=êRTms_#3']

�fE<=ã9�X%�ùZ�VYI[E<=@LQ;>CêI<LQ=
YÂC{ZaLULQ=MC{XU;>Z�:kXU=ML'�[� + �.- J ] ;>Vg9ßJKl<:[C{XU;>Z�:�Z"J³XQ=@LQLQ9�;h:/E<=@;$ �E�XMP CFEd9":<:<=M?áIdZ�VY;hXU;>Z�:(9":[j �`9"XU=ML��9"I�Z�LùC{Z�:�XQ=@:�XQVM] mHXùCM9":[A�=p=yVsXQ;*�å9"XU=Mj[A &(VU;*�êl<?>9"XU;>:!  XQE<=ÓXQZ"XF9"?¿LF9�j<;>9�:[C{=p9"XÅXQE<=ßVU=@:[VUZ�Lê9�XVFM=@LQZ�9"?$A�=MjDZ l[:[jD=@L
��9"L%&�;h:!  �LQZ�l<:dj�9"?hXU;hXUl[jD=�9�:[j��f9�XU=ML���9�IdZaL1C@Z�:�XU=M:aXFV@] ��Z�;>:[C{LQ=M9a9�VU= XQE<=�9aC@C@l<LQ9aC
&ò9":�;hXU=MLQ9"XU;$��=�9"I<I<LQZa9aCFE�;>V
:<=yC{=MVQVQ9"L%&�P�XQ9=I�;>:! ùXUE[=�L[LQVYX�=MVYXU;$�å9�XU='Z�J|XQE<='I[9�XQEkLQ9ajD;>9�:[C{=^JKLQZ=� XQE<=';$�ã9= �=a]
mÂ: XQE<;WV'jD=@LQ;*��9"XU;>Z�:�Za:<?$&\Z�:<=��ã=M9�VUl<LQ=��ã=@:�Xg9":[j XM�TZ1LU=@JK=@LQ=@:[C@=êCFE[9�:<:<=M?>V8�`=@LQ=Ål[VU=Mj�]�1wZ@�`=��a=@LyPd= Nald9�XU;>Z�: + j >

C@9�:ß9�?>VUZVA�=g=
X�XU=M:[jD=yjpXQZV�ãZaLU=gCFE[9":[:<=@?WV@P<9�:[9"?>Z= aZ�l[V³XUZùXUE[=
?>;>:<=M9�L`LQ=� aLU=yVUVU;>Z�:ÓLF9�XQ;hZdP  a;*�a=@:ß;h:ßXQ9=A<?h= 7 ]J�fE[=
?>;>:<=M9�L
;>:aXQ=@LQIdZa?>9"XU;>Z�: Z�J®XM�TZßLU=@JK=@LQ=@:[C@=êCFE[9�:<:<=M?>V^;>V
LQ=@I<?W9�C@=Mj�AO&\9Ó?>;>:<=M9�L^LQ=� aLU=yVUVU;hZa:k?h;>:<=êXUE<LQZ�l! aE�9":�9"L%A<;hXULF9"L%&p:�l!�BA�=@L
Z"JfCFE[9":[:<=@?WVg9":[j/=���9"?>l[9"XU=Mj/9�XgXUE[=ãC@=@:�XU=MLa�`9��a=@?>=@:! �XUE Z�J¿XQE<= �ù=y9�VUl<LQ=��ã=@:�X'CFE[9":<:[=@?WV@]��fE<=ãLQ9ajD;>9�:[C{=V��9"?>l<=MV�� ]Z"Já=M9aCFE1CFEd9":<:<=M? ;|9�LU=gLQ=MjDl[C@=Mj�AO&ÓXUE[=½C{Z�LQLQ=MVUIdZa:[jD;>:! ù9"X'�ãZaVUI<E<=MLU;WC
I[9�XQEkLQ9ajD;>9�:[C{=
XQ=@L%�ãV�,+ �.- J ] 9":[j1;>:[VU=@LUXU=Mj1;>:XUE[=�"|mM3(3 =�N�l[9"XU;>Z�: ]��fE<;>Vg= N�l[9�XQ;hZa:/;WV
XUE<=åC@Z=� �ãZ�:,-WC¿8W-î= N�l[9�XQ;hZa: ��E<;WCFE/LQ=Mj<l[C{=yV'jD;hLQ=MC{XU?$&\XUZ1=�N�l[9"XU;>Z�: + j >
JKZ�LfXQE<=gXUE[LU=M=gCFEd9":<:<=M?|C@9aVY= �

^������� � R � - # � + �.- J -3X ]��� ^�� R M ! X�� %KR � ! # � + �.- J ! X �	������ � ��� �"!
+�
 >

��E<=MLU=��#��^ +�R $ X % R % X >	& +Å;WV�9ù?h;>:<=y9"LwLQ=� aLU=yVUVU;hZa:p?>;h:[=gXUE<LQZ�l! aE1XUE<='I�Z�;>:�XQVB+'$Y%(%;>�=���9"?>l[9�XQ=MjßJKZ�L)%19�XwXQE<='I�Z�;>:aX$ �+*d]
�fE<='I[9�LQ9=�ã={XU=MLQV`;>:�A[LQ9aC?I�={XFVf9"LQ=8�a=MC{XUZ�LFV`Z"J0@k�ã=M9aVYl<LQ=��ã=M:aX�CFE[9�:<:<=@?WV�9":dj-,åLU=@JK=@LQ=@:[C@=gCFEd9":<:<=M?>VfLQ=MVUI�=MCOXQ;*�a=@?$&�]
. ��� � � ����
�J��	 � � �����  � 	 � ���6��� ��a����� � ��	 �0�
� ��� �a���6� � �a� �

/1032 �547698;:=<	>�?�4=@A?B4=CED�FAGd����� H:=@ I ���B��� �:JD�>�4=?5CK47<L: �M>'NOGPIRQS:TD�GU< �V:=8#4=<��W6947XA@�D
��Z½XU=yVsX`XUE[=8-2C¿8(-�=�N�l[9"XU;>Z�: + j >T9":[jÓXUE<=½RTms_#3 +�VU=@=^XQ9=A<?h= 7 >®XUE<=
;>LULF9�jD;W9":dC{=�PaXULF9":dVf�ã;hXYXQ9�:[C{=
9":[jpI[9�XQEÓLF9�jD;W9":[C@=
�f9�VpC@Z=�ãI<lDXQ=Mj ��;ÑXQE < 5 88�)3(-Wh ^ P^l[VY;>:! �XUE<=(8�mYA 5 3"� ZaIDXU;>Z�:|] �fE<=(9�X%�ãZaVUI<E<=@LQ;WC VsXF9�XQ= �f9�V��ù;WjOYH?>9"XU;hXUl[j<=
VUl!� �ù=MLMPO��;WVY;$A<;>?h;hXM&ãZ"J"P ^ IO� 9":[jãXQE<=gC{Z�?>l!�ã:[9�L��f9�XQ=@Lk��9�IdZaL��f9�VkL!XD=MjÓ9"X)P<] QVY[Z]\&C O ]:�fE<=�XF9"L% �=@X¿E<=@;$ �E�X#�`9aV¿9"X
R ] Q6IO�kP�XUE<=
VYl<:ß9�X�Q R jD=� �LQ=@=MVk��;ÑXQEp9"I[I<LUZ�XD;$�å9�XU=M?*& 7 :!�öVUId=yCOXQLQ9�?dLQ=MVUZ�?>lDXU;>Z�:|]"�fE<=2 �LQZ�l<:djãLU=�c[=MC{XQ9":dC{=MV7� !&N 9�:[j� !"O �`=@LQ=ùCFE[9�:! �=yj\JKLQZ=� R ] R j XQZ 7 ] R ;>:�VYXU=MI[VgZ"J R ] RHj Z�: AdZ�XUE�VU;>jD=yV
Z"J¿XQE<=ÓVUId=yCOXULF9"?áLF9":! a= + M - ] 8_^ !&NK` %WM - +ba]^ !WOc` >��E<;WCFE ;WV^jD=�L[:<=yj 9�VwXUE<=V�ù;>:<;$�Ål!� 9�:[j��å9@XD;$�Ål!� �f9���=M?h=M:! "XQE[V�Z"J³CFE[9�:<:<=M?>V^L 7 9":[jkL PD]W�fE[=½JKZ�?>?>Z@��;h:! ÓJKZ�L%�Ål<?W9
;WVfl[VY=yjßXUZÓC{LQ=M9"XU=^XUE<=a��9�LU;>Z�l[VfLQ=
cd=MCOXF9":[C@=2Ad9�C?IO �LQZ�l<:djpVUId=yCOXULF9 �

� + M >U� � !&N �
� !WO # � !&NM - +dae^ !WO(` # M - ] 8f^ !�N3` M # M - ] 8_^ !�N3` \ + ] >

�fE<=(VY=M?h=yCOXQ=Mj�ZaIDXU;$�Ål!� -0/�mM3wmYA�A[9�:[j<V + j=j P $ P�9":[j $ 
H>åJKZ�L 7�]H]Hj j<9"XQ9 Ed9���=\XQE<=�JKZa?h?>Z@��;>:! JKl<?>?*Y ��;Wj�XUE!YuE[9�?ÑJ Y
�å9@XD;$�Ål!� F 7��)R ] 
 $H] Y R ] 
P
 ]Vg C/P4C �#R ] ]H^�$ Y R ] ] Q $hg C 9":[j	F9P �#R ] ]H] Q=Y 7 ] RHR Q g C +�VU=@=êVY=yCOXU;>Z�: j >O](�fE<=ùVY;$�Ål[?>9"XU;>Z�:
LQ=MVUl<?ÑXFV�VYE[Z@�'P�XUE[9"X�XUE<=6-2C¿8(-�;WVf?h=yVUV�VU=@:dVY;hXU;$��=
XUZåLQ=
cd=MCOXF9":[C@=2��9�LU;W9�XQ;hZa:[V`XUE[9�:pXQE<=êRTms_#3 +�VU=@=8L� �l[LU= 7 >{]?�VU;>:! �A<LQZa9�j<=@L)A[9�:[j<VMP[=�]  []`;>: 9ùJKlDXUl<LQ=B�êl<?hXU;WVYI�=MC{XULF9"?|VU=@:[VUZ�L^VYl[CFE\9aV(< 5 8^mYASPdVU;*�ã;>?>9�LwLQ=MVUl<?ÑXFVw9"LQ=½9�CFE[;h=���=Mj ]
�fE<=`VY=M?h=yCOXU=yjaA[9�:[j<V|9�LU=UF 7%��R ] 
 $ Y R ] 
 ]ig C/P C �TR ] ]<7 Y R ] ] 
 g C 9":dj�F9P ��R ] ]H] Y 7 ] R Q g C/]  B;* al<LU= 7 VUE<Z@�wV 9�VQC@9"XYXQ=@LQI<?hZ�X
Z"J¿9�?h?BC{ZH�ùI[lDXU=yj/RTms_#3�9":[j -2C¿8(-&LQ9"XU;>ZaV�9aV�9ãJKl[:[COXQ;hZa: Z"J®XQE<=BA[9�:[jOYÂ9���=MLQ9= �=MjpLU=�c[=MC{XQ9�:[C{=½;>: CFE[9�:<:<=@?:PD](h�Z"XQ=
XUE[=ê?W9"L% �=½LF9":� �='JKZaL�XQE<=ãRTms_#3�C@Z=�ãI[9�LU=yj���;ÑXQE XUE[=�-2C¿8(-&XU=MCFE[:<;$N�l<=yV@]�-w?WVUZÓXUE[=åRTms_#3 �å9"IdV^?>Z@��LU=�c[=MC{XQ9�:[C{=yV
+.� - P R

\
P=>TXUZpE<;* aE<=@L�LQ9"XU;>ZaVMP!��E<=@LQ=M9aV`XUE<=�-WCT8(- �å9"I[V�9"?>? LU=�c[=MC{XQ9�:[C{=yVfXUZp9�:\9"?$�ùZ�VsX�C@Z�:[VYXQ9�:�X�LQ9"XU;>Z[]D�fE<=@LQ=';>V

VYXU;>?h? 9êLU=yVY;WjDl[9�?S=
ZS=MCOX(��;WVY;$A<?>=�JKLQZ=� LU=�c[=MC{XQ9":dC{=^VU?>Z�I�=MVa+`�å9�L'Ia=@LFV³JKZaL'�ã;>:! ê?>;>:<=MVD��;hXUEkIdZ�VY;hXU;$��=gVU?hZaId=yV%>���E<;WCFEßC@Z�l<?Wj
A�=ÅC{ZaLULQ=MC{XU=Mjk9aV)�T=M?h?u]#�fE<=½;>:;c[l<=M:[C{=½Z�J®LU=�c[=MC{XQ9":dC{=½VU?hZaId=yV�;>V�VY;$�ã;h?W9"L�JKZaLwXQE<=ùRTms_#3�9":[jßXQE<=B-WCT8(-½] �fE<='LF9�XQ;hZ�V

Q



AVIRIS Case

0.0 0.2 0.4 0.6 0.8 1.0
Reflectance in Channel m

0.10

0.12

0.14

0.16

0.18

0.20

0.22
R

at
io

CIBR
APDA

Multispectral Case

0.0 0.2 0.4 0.6 0.8 1.0
Reflectance in Channel m

0.30

0.32

0.34

0.36

0.38

0.40

R
at

io

CIBR
APDA

 B;* al<LQ= 7%� çkÍ@×sÕQØ³âMÍMÔDÙ@ØáØYÍ@×sÏ¨ÙMÒ³ÍMÒ³Í�Ý>è�ÐaÖQ×sÏ¨ÙyÐÅÙMÝSä�ÍMÐ�Þ�ï�ÍOâ~ÕQØYÍMÎMÕOÞ½ÎMØsÙyèaÐ�Þ'ØsÕ���ÕQÖQ×YÍMÐaÖFÕ`Ù@ÝSÖYÛ�ÍMÐaÐ�ÕFÜ��fÝWÙ@Ø¿ÍÅþ���Ð�Ì�ä�ÍMÐ�Þ�à³ÏÑÞ�×sÛ
Ï¨ÐaÒH×ÂØsè�Ì'ÕFÐ�×�ñ í�û Ëuü¿ËÂý ô ÍMÐ�ÞùÍ
Ì^è�Ü�×sÏ¨ÒÂÔDÕFÖQ×ÂØYÍMÜ[Ï¨Ð�ÒH×ÂØsèaÌ'ÕFÐ�×�ñ�Õyæ Îaæ��	�`ðfËHý ô è�ÒÂÏ¨ÐaÎgðfè�Ð�×sÜ¨ÕQÚ�
 Ò®Ì'Ù"ÞaÕFÜ�æ

Z�L�N�l[9�VU;k�f9�XQ=@L6��9"I�Z�LÅXULF9":[V'�ã;ÑXUXQ9�:[C{=yV'JKZ�LÅXUE<= -�/^mM3�mYA�CM9�VU=p9"LQ=��Ål[CFE�?hZ@�`=@L'XQE[9":(JKZaLÅXQE<=b�êl<?hXU;WVYI�=MC{XULF9"?TCM9�VU=
A�=MC@9�l[VU=�XUE<=wXUE<;>:<:<=ML�-0/�mM3�mYA��ã=M9aVYl[LU=��ù=M:�XTCFE[9":[:<=@?<Ed9�V³9'?>Z@�`=@L®Z@��=MLQ9�?h?�XQLQ9�:[V'�ù;hXYXF9":[C@=�;h:ÓXUE<=�j<=@=@I��f9�XQ=@LE��9�IdZaL
99AdVYZaLUIDXQ;hZa:ÓJK=y9�XUl[LU=a]

hwZ�XU=pXUE[9"XV�`=pE[9��a=å:<Z"X &�=@XÅ;h:O�a=MVYXU;$ a9�XQ=Mj(E<Z@� XQE<=�-2C¿8(- XU=yCFE<:<;GNal[=ßjD=MId=M:[j<VùZ�:�9"X'�ãZaVUI<E<=MLU;WCÓC@Z�:[jD;hXU;>Z�:dV
+�9�=@LQZaVUZ�?S?>Za9�j<;h:! dP�={XQC >OP[CM9"?>;*A[LQ9"XU;>Z�:1=@LQLUZaLQV`9":[j1LF9�jD;W9�XQ;*�a=�XQLQ9�:[VYJK=@L�C{ZDjD='l<:dC{=@LUXQ9�;h:�XQ;h=yV@]

/10� �547698;:=<	>�?�4=@A? 4=CVD�FAGg�����  :T@AI ���6� �  :TD�> 47?WCK47<	�V:T<�> :�����G Q :TD�GP<B�V:=8�47< :=@ I������� G �
� G��UD :T@��PG �O8�G��UD�<�:

�fE<=�A�=@E[9���;>Z�LùZ"JgRTms_#3 9�:[j -WC¿8W- XQ=MCFE<:<;GN�l<=MVãZ@�a=@LùVYI�=MC{XULF9"?>?*& ��9"L%&�;h:� A[9aC?I  aLUZal<:[j �f9�VÅXU=yVsXQ=Mj AO& 9":<Z�XUE<=ML
VU;*�êl<?>9"XU;>Z�: ] 7 XD;WVsXQ;h:� pLQ=
c[=yCOXQ9�:[C{=ùVYI�=MC{XULF9"?áj<9�XF9�A[9aVY=yVwJKZaL 7 $Hj + 4 LUZ@�a=Å=@X
9"?uP 7�]H] PH>�9":[jdP j +�egLUldVY=ê={X'9"?uP 7 ]=] P=>
�ã;h:[=@LF9"?WV'9":[j $ QkZ"XQE<=@L½VUI�=MCOXQLQ91Z�J`:[9"XUl<LF9"?³9�:[jd�ã9�:;Y �ã9ajD= �å9�XU=MLU;W9"?WV��`=@LQ=êl[VU=Mj(9aV�A[9�C?IO �LQZ�l[:[j�]åA�;h:dC{=å?>=M9���=yV
C{Za:�XQ9";>:êVU;$ �:<;*LdC@9�:�Xá9=�ùZal<:�XQVBZ"J �`9"XU=MLMP"9
j<9�XF9WAd9�VU=¿JKZaL 7 P j VY;$�Ål[?>9"XU=MjÅ?h=y9�J�LU=�c[=MC{XQ9":dC{=f9":[j½XULF9":[V'�ã;ÑXUXQ9":dC{=�VYI�=MC{XULF9
��;hXUE �~9�LU;W99A[?h=ê?h=y9�Jk�f9�XQ=@LgC{Z�:�XQ=@:�X�+ R ] R=R Q $ XUZ R ] R Q RHj \ C�>W�`9aVgC{LQ=M9�XQ=Mj\ldVY;>:! ßXUE<= Ck3 5 A;C 7 RD� 3 7 8�?�� �ãZDjD=@?
+�c�9�C�N�l<=��ãZ�ldj/=@Xê9"?uP 7 ]=] j >O] �fE<=åLF9�jD;>ZaVU;ÑXM& �ù=@XUE<ZDj �f9�V
XQE<=@:�ldVY=yj�XUZ C{ZH�ãI<lDXU=ßC@9":[Z�IO&�VUId=yCOXULF9kZ"Jw9 P R YH?>9�&a=@L
C@9�:<Z�IO&���;hXUE\9ùXUZ�XQ9�?�?h=y9�JB9�LU=y9ù;h:[j<=
Xd+ "�-wmf>�Z"J j +�_TZaLU=M?�={X�9�?�P 7 ]=]=R >O]

-w?>? ^ 
 ] LQ=
cd=MCOXF9":[C@='VYI�=MC{XULF9B�`=@LQ=gLU=yVU9=�ùI[?h=yjp9�XWP<] j :!� VYI[9aC{;>:! aVM]J�fE<='LQ9ajD;W9�XU;$��=^XULF9":dVsJK=MLfC@ZDjD= $ Ad+`/®=@L%�ãZ"XQ=
={X½9�?�P 7 ]=] QO>)�f9�V^l[VU=Mj�XUZkC{Z=�ãI<l<XU=ùXUE<=�� 5 -�LF9�j<;>9�:[C{=êZ@��=@L^XUE[=��f9�XQ=@L8��9"I�Z�L�A[9":dj/C@=@:�XU=MLU=yj Z�: ] Q R :!�k]V�fE[=
�f9�XU=MLJ�~9�IdZaL®99�ãZ�l<:�XFVáLQ9�:! �=yj'JKLQZ=� R ] RHj XUZ j YJZ \&C O ;>: 7 P
VsXQ=@I[VM]0�fE[=w9�X'�ãZ�VYI<E[=@LQ=TE[9ajê92��;>VU;$A<;h?>;hXM&½Z"J P R I � ��;ÑXQE
C{Za:�XU;>:<=@:�XQ9�?³9"=MLUZ�VYZa?>VM]B�fE<=ùXQ9�L' a={X'E<=M;* aEaXa�f9�VgVU={X½9�X½VU=M91?h=���=M?á9�:[j�XUE<=ÓVU=@:[VUZ�Lg?>ZDC@9�XQ=Mj�99A�Z@��=êXUE<=å9"X'�ãZaVUI<E<=MLU=a]
5 :<?$&1XUE<=ùj<9�XF9åJKZ�L8�f9�XU=MLW��9"I�Z�L
99�ãZ�l[:aXFV�� 7 Y[Z]\&C O �`9aVwl[VU=Mj\;>: XQE<=½JKZa?h?>Z@��;>:! p9":d9"?$&�VU;WV@]  B;$ �l<LQ=�PpVYE[Z@�wV�XUE[=
3(<�AßLQ=@?W9�XQ;*�a=^=MLULQZ�Lf;>:1I�=@LFC{=M:�X �

� +�� � >7� 7�RHR
!""# 7$ %& ](' N

R +)�� � J �.!�*,+ # �� ].J +.- � >�� � J �.!�*,+ X O
;>:��`9"XU=MLk��9"I�Z�L¿JKZ�LT9�?h?/$[� ^ 
 ] LQ=
cd=MCOXF9":[C@=�VUId=yCOXULF9½9aV¿9gJKl<:dCOXU;>Z�:ßZ"J �f9�XU=MLk��9"I�Z�Ly]J�fE<=wJKZal<LTjD;*ZS=@LQ=@:�X¿XQ=MCFE<:<;GN�l<=MV
9"LQ= �
7 ]10325476 � 5 LU;$ �;>:[9"?|RTms_#3*=�N�l[9"XU;>Z�:,+�VU=@=
XQ9=A<?h= 7 >O]

j



AVIRIS Case

1 2 3 4 5
Water Vapor in [g/cm^2]

0

2

4

6

8

10

12

R
M

S
 R

el
at

iv
e 

E
rr

or
 o

f P
W

 in
 [%

]

CIBR APDA APDA (optimal) APDA (iterative)

Multispectral Case

1 2 3 4 5
Water Vapor in [g/cm^2]

0

2

4

6

8

10

12

R
M

S
 R

el
at

iv
e 

E
rr

or
 o

f P
W

 in
 [%

]

 B;* al<LQ=aP � ü �åý
ØsÕFÜÑÍ@×sÏ¨â~Õ¿ÕQØÂØsÙMØ � ñ������ ô Ï¨ÐV��Ù@Ý<à®Í@×sÕUØ®âyÍ@ÔDÙMØ|ÝWÙ@Ø³ÍMÜ¨Ü	��
Mÿ�ØsÕ���ÕFÖU×YÍMÐ�ÖQÕTÒÂÔDÕFÖU×ÂØYÍ^Í@ÒáÍfÝWèaÐ�ÖQ×sÏ¨ÙyÐ½Ù@ÝdàáÍ@×sÕQØBâyÍ@ÔDÙMØÝ>ÙMØ¿ÝWÙMèaØTÞaÏ�ë<ÕQØsÕFÐ�×®àáÍ@×sÕQØTâyÍ@ÔDÙMØ®ØsÕQ×ÂØsÏ¨ÕFâMÍMÜ<×sÕFÖYÛ�ÐaÏhì�èaÕFÒFæ

P<]������� � 3�=� al<?W9"L6-WCT8(- =�N�l[9"XU;>Z�: + j >
l[VY;>:!  9�L!XD=Mj �f9�XQ=@La��9"I�Z�L½9=�ùZal<:�X'Z"J ^ Y[Z]\&C O XQZ C{Z=�ãI<l<XU=ãXUE[=9�X'�ãZ�VYI<E[=@LQ;>C^I[9�XQEkLQ9ajD;>9�:[C{= � + �.- J - ]
^ ]��������������������� �"! � 7 N�l[9�XQ;hZa:g+ j >(��;hXUE(C{ZH�ùI[lDXU=yj �f9�XU=ML2��9�IdZaLfYÂjD=@I�=@:djD=@:�X'9�X'�ãZ�VYI<E[=@LQ;>CÅI[9�XQE�LF9�jD;W9":[C@=� + �.- J - +�� >O]
Qd]�������#�����%$'&(�	�%��)�$*! � 7 N�l[9�XQ;hZa: + j >���;ÑXQEkXUE<=';hXU=MLQ9"XU;$��=gVUCFE[=��ã='jD=MVQC{LQ;*A�=Mj1;>:\VY=yCOXU;>Z�: $ POLU �l<LQ= j ]
�fE<= ��9"LQ;hZal[V��f9�XU=MLa��9"I�Z�L'LQ={XULQ;>=���9"?áXQ=MCFE<:<;GN�l<=MV��`=@LQ=åC{ZH�ùId9"LQ=MjdA &/9��ã=y9�VUl<LU=åVU;*�ã;>?>9�LgXUZ 9�N�l[9�VU;³VU;* a:[9"?áXQZ

:<Za;>VU=gLQ9"XU;>Z�+uA;hW32> �

+ $I^ +�^ a +)�� >'>U� ^ a +�� - ] 8 >%> # ^ a +�� - +da >, +�^MaU+�� >f> %)��E<=MLU=�$ �.-�RTms_#3�%%-WC¿8W-�%'-2C¿8(-V+KZaIDX
\
>&%%-WC¿8W-B+K;hX

\
>0/�%
+ 7�R >

��E<=MLU=	�� - ] 8 � 7 YJZ \&C O 9�:[j �� - +da � j YJZ \ C O 9"LQ=ÅXQE<=��ã;h:[;*�êl!� 9�:[j �å9@XD;$�Ål!� �`9"XU=@L���9"I�Z�L½C@Z�:�XU=M:�XQVMP^ a +)�� >ùjD=M:<Z"XQ=MVêXUE[=k9��a=@LF99 a=ÓZ@��=ML ^ a +�� >OP , + ^ a +)�� >'>ùjD=@:<Z�XU=yVÅXQE<=\VsXF9":[j[9"LFj�jD=���;W9�XQ;hZa:�Z@�a=@L ^ a +)�� >O]
�B99A<?>=6PêVUE<Z@�wV`XQE<=a�ã;h:<;$�Ål�� 9":dj��å99X�;$�Ål�� + $I^�JKZaLfJKZ�l<L�LQ={XQLU;>=���9�?SXU=MCFE[:<;$N�l<=yV@]

1 ÍMÒÂÕ%2 í�û Ëuü¿ËÂý �ùè�Ü�×sÏ¨ÒÂÔDÕFÖQ×ÂØYÍ@Ü
üTÕQ×ÂØsÏ¨ÕFâMÍMÜ[ø�ÕQÖUÛaÐ�ÏÑì�è�Õ üTÍMÐaÎyÕ�Ù@Ý43 5|ñ�3 ô 687 3:9<;>=@?�9BADC üTÍMÐaÎyÕ�Ù@Ý43 5|ñ�3 ô 687 3:9<;>=@?�9BADC
1 ËFEBü �"æ �HG@� ��æ �"þDI ��
 þJG�æ 
Oïsþ
�"æ K �"æ �%I@
 ��æ �"þ
�"þMþ þDI"æ 
Oïsþ0
"æ ÿ
í`ó ð í �"æ � �%� ��æ � ��I �HG �"þMæ �Oï �%K�æ 
 �"æ ��
�
 ��æ � ��K@
5� þDK"æ G@ï�G,�"æ¨þ
í`ó ð í ñ�ÙyÔ�×sÏÑÌ½Í@Ü ô �"æ �HG@� ��æ � �%G~ÿ%I � �"æ �OïLI�I�æ K �"æ �%I@
 ��æ � �@
%KMÿ � �"æ 
Oï � ��æ �
í`ó ð í ñ�Ï�×sÕQØYÍ@×sÏ¨â~Õ ô �"æ �HG@I ��æ � �%G~ÿ�
 � �"æ �OïLI�I�æ I �"æ ��
 � ��æ � �@
Mÿ%I �"þMæ �Oï�G~ÿ�æ 


�B99A<?>=6P � ýNMTü�ÖQÙyÌ'Ô�Í{ØsÏ¨ÒÂÙyÐãÙ@ÝSÝWÙMèaØ³à®Í{×sÕQØ`âMÍMÔDÙ@Ø®ØsÕQ×ÂØsÏ¨ÕFâMÍMÜ<×sÕFÖUÛaÐ�ÏÑì�è�ÕFÒFæO3)ÍMÐ�ÞP5�ñ�3 ô Í@ØsÕ�è�ÐaÏ�×¿ÝhØsÕFÕfØYÍ@×sÏ¨Ù'Ð"è�Ì^äDÕQØsÒFæ
hw=�X�XV�`=ßC{ZH�ãI[9"LQ=ãXUE<=1LQ={XULQ;>=���9"?��ù=@XUE<ZDj<VVAO&�VY=@XYXU;>:! �XUE<LQ=MVUE<Z�?Wj<Vê9�X�Q j'R 9�:[jSQ 7 R'R 3(<�A(LQ=@?W9�XQ;*�a=��`9"XU=ML

��9"I�Z�L�9":djpC{Zal<:�XU;>:! êXUE<=
:�l!�BA�=@LfZ"JáVYI�=MC{XULF96��E<;WCFE1;h:[j<;>CM9�XU=yV`E<Z@��LQZ=A<l[VYX¿XQE<=gLU=@XULQ;h=���9"?WVT9�LU=
Z@��=MLk�å9":O&ÓjD;*Z�=MLU=M:�X

$



A[9aC?I  aLUZal<:[j<VM]k�B99A<?>= ^ VUl!� �å9"LQ;*FM=MVfXQE<=½LQ=MVUl<?ÑXFVwZHADXQ9�;h:<=yjßJKZ�L�9�?h? ^ 
 ] A[9aC?IO �LQZ�l<:[j1VUId=yCOXULF9ãl[VU;h:� åXUE<=½JKZ�l<L�9=AdZ@�a=
jD=yVUC@LU;$Ad=yjÓXQ=MCFE<:[;$N�l<=yV �

ü¿ÕQ×ÂØsÏ¨ÕFâMÍMÜdø�ÕFÖYÛ�ÐaÏhì�èaÕ í�û Ëuü¿ËÂý6� � �ùèaÜ�×sÏÑÒÂÔDÕQÖQ×ÂØYÍMÜT��� í�û Ëuü¿ËÂýãþ���� �ùè�Ü�×sÏ¨ÒÂÔDÕFÖQ×ÂØYÍMÜ|þ�� �
1 Ë"EBü ����æ ���%I � � �"æ ÿ�K"þ
� ÿ�æ Gyÿ�K�I%K þD��æ¨þFÿ �%I
íTó ð í K�æ¨þD
Mÿ%G � ��þyæ¨þ��%K � þyæ KHG@Iyÿ�
 ��æ¨þDI%I �%�
íTó ð í ñ�ÙMÔa×sÏ¨Ì½ÍMÜ ô K�æ 
5�@
"þ�� �5��æ ��þJI�I �"æ ��
HG@I�
 ��æ G@� � ��K
íTó ð í ñ�Ï�×sÕQØYÍ{×sÏ¨â~Õ ô 
"æ ÿ"þ
� �%
 �5��æ ��þJI�I þyæ KHG@Iyÿ�
 ��æ¨þDI%I �%�

�B99A<?>= ^ � ó ÕQØsÖFÕQÐ"×YÍ@ÎyÕ�Ù@Ý�ØsÕ���ÕFÖU×YÍMÐ�ÖQÕ�ÒÂÔDÕFÖQ×ÂØYÍgÍ@äDÙ@âyÕW� ��ÍMÐ�Þpþ ���*ü �åýêüTÕQÜhÍ{×sÏ¨â~Õ`ç\Í{×sÕQØ û Í@ÔDÙMØ���ØÂØsÙMØ
 B;* al<LQ= ^ VUE<Z@�wV½9 VQC@9"XYXU=MLUI[?hZ�XÅZ"J�XQE<=pLQ=@?W9�XQ;*�a=��`9"XU=@LB�~9�IdZaLÅ=MLULQZ�LFV'Z@��=ML ^ 
 ] A[9�C?IO aLUZal<:[j<V'9aVÅ9kJKl<:dCOXU;>Z�:�Z"J

A[9�:[jOYÂ9���=@LF99 a=Mj� aLUZal<:[j\LQ=
c[=yCOXF9":[C@=�]V�fE[=åRTms_#3îE[9�V
?W9"L% �=B�f9�XQ=@L���9"I�Z�Lg=@LQLQZ�LFVwJKZaL
?>Z@�  aLUZal<:[j\LQ=
c[=yCOXF9":[C@=ù9�:[j
XUE[=wLU=� �l<?W9"LT9":[jù;hXU=@LF9�XQ;*�a=W-WCT8(-��`Z�L%I6A�={XYXQ=@Lf9�X¿?>Z@�)LU=�c[=MC{XQ9":dC{=�?>=���=M?>VM]J�fE<=W-0/�mM3�mYAåCM9�VU=�E[9�V³JK=��`=@L³LQ=
cd=MCOXF9":[C@=
VUId=yCOXULF9\99A�Z@��=ùXQE<= Q 7�R'R ?h;$�ã;ÑXêXUE[9�:�XUE<=��êl<?hXU;WVYI�=MC{XULF9"?T9�I<I<LQZa9aCFE P|9�V½;>V½9�?>VUZ\=���;WjD=@:�X½JKLQZ=� XQ9=A<?h= ^ ]ßmÂ: A�Z"XQE
VQC@9�XUXU=MLUI<?>Z"XFVáXUE[=�VY;$�Ål[?>9"XU=Mj��a=� �=@XQ9"XU;>Z�:åVYI�=MC{XULF9'VYE[Z@��l<IÓ9aVáXM�`Z½C{?>l[VsXQ=@LQ=MjåVU={XFV®Z"J�I�Z�;>:aXFV¿9�?hZa:! 
XM�TZ'?>;h:[=MVEA�={XM�`=@=M:
LQ=
c[=yCOXQ9�:[C{=yV R ] jHj 9":[j R ] $�$ ] �fE<=b�f9�XQ=@LV�~9�IdZaLê=MLULQZ�LÅ;>Vê:<=� �9�XQ;*�a=�Ad=yC@9�l[VY=���=� �={XF9�XQ;hZa:�E[9�Vê9 �f9�XU=MLê9=A[VYZaLUI<XU;>Z�:
JK=M9"XUl<LQ=#��E<;WCFEê;>:[C{LQ=M9aVY=yV�XUE<=w9�I<I[9"LQ=@:�XJ�`9"XU=ML"��9�IdZaL®;h:êXUE<=w9"X'�ãZaVUI<E<=MLU=fC@9�l[VU;h:! g9
:<=� �9�XQ;*�a=T=MLULQZ�Lá;>:ÅXQE<=�=MVYXU;$�å9�XU=yj
9�X%�ãZaVUI<E<=@LQ;WC��f9�XQ=@LE��9�IdZaLM]"�fE<;>V³JK=M9"XUl<LQ=wC{Zal<?>jùI�Z"XQ=@:�XU;W9"?>?*&VAd=�=
XDI<?>Z�;hXU=MjêXQZ½=MVYXU;$�å9�XU=wCM9":<ZaIO&6�`9"XU=ML¿C{Za:aXQ=@:�XW+ 4 9�Z
9":dj 4 Z�={X'FaP 7�]H]=R A >O]
ADZ=�ã=ÅZ�J®XUE<=��å9�XU=MLU;W9"?WVw;>: ��E[;>CFE\XQE<=ù;ÑXQ=@LF9�XU;$��=�-WCT8(-&E[9aj LQ=@?W9�XQ;*�a=6�`9"XU=MLW��9"I�Z�L
=@LQLUZaLQVwZ"J
�ãZ�LQ=
XUE[9�: Q 7�R R 9"LQ=^?>;WVsXQ=Mj Ad=M?hZ@��;h:1XF99A<?>=aQ[]

¸�Áá»K� »��@����vF�uqO�
���B¼'¼g»K¹á�����á¹|»��|µ[��»K¹|��´F¸ ¾h�u§��Oo"qs}"Àá¾>xy�Oxy��§���x~qYvFrÂÀ µS¹B���D¸��|»�� µ[��»K¹|�H¬Y¢
	�¾>��§��Oo�qs}"Àá¾hx~�Oxy��§���x~qYvFrHÀ
°y¸���¸���»�� µd�K¹B�@�H¬s¸�¾h}�vFr�yÀ®¾h�u§��Oo"qs}"Àá¾>xy�Oxy��§���x~qYvFrÂÀ ��µ�¼g¸�� »�� µd�W°[µ�O´O¢O^¾h�u§��Oo"qs}"À®¾hx~�Oxy�W§���x~qYvFrÂÀ
¼��B����	��BµS¹|»��|µ[���@�H¬O¬s¸�¾h�u§��Oo"qs}"À �M»K�Bµ��|»�� µ[�����®�yO¢O¢O
¾>��§��Oo"qY}�À®¾hx~�Oxy��§���xyqUvFrHÀ
�|�|» © ���á��»��|µ[� © �W«O¸ ¾h�u§��Oo"qs}"À
¼ � § z����uo"qs�sz�rHvF§���vF�uqO�¸á¹������ © ���á����»�� µ[��»K¹|�K¡F¸�¾hx~�Oxy��§���xyqUvFrHÀ ¸á¹�� ��µS� »�� µd�������u¬O¬s¸ ¾h�u§��Oo"qs}"Àá¾>xy�Oxy��§���x~qYvFrÂÀ
	��B�á��»K¹á�����á¹�»�� µd��¹B��	�O²O¢y¬ ���B¼'¼g»K¹B�����á¹|»�� µd��»K¹ �K´F¸�¾>��§��Oo�qs}"ÀB¾hx~�Oxy��§���xyqUvFrHÀ
�B»����á»�� µd� © �@�K²F¸�¾>}~vFr�yÀ®¾h�u§��Oo"qs}"Àá¾>x~�OxM��§���x~qYvFrÂÀ µS¹B���D¸��|»�� µ[��»K¹|�H¬Y¢
	�¾>��§��Oo�qs}"Àá¾hx~�Oxy��§���x~qYvFrHÀ
°y¸���¸���»�� µd�K¹B�@�H¬s¸�¾h}�vFr�yÀ®¾h�u§��Oo"qs}"Àá¾>xy�Oxy��§���x~qYvFrÂÀ ��µ�¼g¸�� »�� µd�W°[µ�O´O¢O^¾h�u§��Oo"qs}"À®¾hx~�Oxy�W§���x~qYvFrÂÀ
¼��B����	��BµS¹|»��|µ[���@�H¬O¬s¸�¾h�u§��Oo"qs}"À �M»K�Bµ��|»�� µ[�����®�yO¢O¢O
¾>��§��Oo"qY}�À®¾hx~�Oxy��§���xyqUvFrHÀ
���á�B�|¼g¸B��»K¹|µd�K�á� ¸�Áá»�� µ[���@��� �@�H¬s¸/¾>}�vFr�~Àá¾h�u§��Oo"qs}"À®¾hx~�Oxy�W§���x~qYvFrÂÀ
�|�|» © ���á��»��|µ[� © �W«O¸ ¾h�u§��Oo"qs}"À

�B99A<?>=�Q � �ãÍ@×sÕQØsÏÑÍ@ÜÑÒ³à³Ï�×sÛãü �åýêüTÕQÜhÍ{×sÏ¨â~Õ`ç\Í{×sÕQØ û Í@ÔDÙMØ���ØÂØsÙMØsÒ�� þ ����Ý>ÙMØ í�û Ë�üTËHý 1 Í@ÒÂÕ�ÍMÐ�Þ �ùè�Ü�×sÏ¨ÒÂÔDÕFÖQ×ÂØYÍMÜ 1 ÍMÒÂÕ

- VYI�=MC{XULQl!� �`9aV^C@?>9aVUVU;*L[=Mj 9aV���j<9�L'I S�;ÑJTXUE<=ã9���=MLQ9= �='LQ=
c[=yCOXQ9�:[C{=ê;h:(CFE[9�:<:<=@?0C �`9aVWA�=@?>Z@� R
\
7 ]�- VUId=yCOXULQl!�

�f9�V�C{Za:[VU;>jD=MLU=yj���VY?>Z�I�=MjTS<;ÑJBXUE[=½99A[VUZ�?>lDXU=gZ�J|XUE[=':<Z�L%�å9"?>;*FM=Mj1jD; ZS=@LQ=@:dC{=

^ -�� ��� + �
& � !�N # � !"O &� !�N<� � !"O

A�={XM�`=@=@:ßXUE[=gCFEd9":<:<=M? 9���=MLQ9= �=MjãLQ=
cd=MCOXF9":[C@=MV`Z"JáCFE[9":[:<=@?WV,F 7 9�:[jGF9Pù=�XDC@=@=yjD=Mj R ] RHj ]:-�VUId=yCOXULQl!� �f9�VfC@Z�:[VU;>j<=@LQ=Mj
� :<Z�:;YH?>;h:<=y9"L S�;ÑJáXUE[=
LF9�XQ;hZ ^�8 � 8! � ] 8 + + ! �`9aV`?h=yVUV`XQE[9": R \

]Hj Z�L) aLU=y9�XQ=@L`XUE[9�: 7
\
RHj �

^L8 � 8! � ] 8 + + ! � � -T !�N � !&N � T !"O � !WO






CIBR: AVIRIS Case
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APDA: AVIRIS Case
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CIBR: Multispectral Case
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stretch factor a  for the
amospheric path radiance

Iterative APDA CalculationFull AVIRIS scene
r1(x,y)   m(x,y)   r2(x,y)

Precipitable water vapor:  PW(x,y)

Calculate R
APDA 

(x,y) , given by

the APDA equation

Calculate precipitable water

PW(x,y)=-(ln(RAPDA  (x,y) + γ))α

1
β

Calculate transformation
coefficients α, β and γ

First estimate of PW(x,y)

Second estimate of PW(x,y)
2

3

1

LUT with L
i
  and L

atm,i  ,

created by MODTRAN3

LUT with L and Latm ,

created by MODTRAN3*

Channel Selection Procedure
  [r1-set] [m-set]     [r2-set]

Define Image Subset

Optimize channel combination
  [r1]           [m]            [r2]

Calibrated AVIRIS image
data, spatial subset

Iterative APDA calculation

Full AVIRIS scene, channels
r1(x,y),         m(x,y)   and   r2(x,y)

Optimize atmospheric path radiance
 term by stretch factor a

MODTRAN3* transmittance and radiance
at the sensor; channel characteristics and

image channel statistics

Precipitable water vapor:  PW(x,y)
* MODTRAN3, using the DISORT option and a

user defined, measured atmospheric profile

Set a=0 (for n=0)

Compute standard deviation σn(PW)

Optimize atmospheric path radiance

AVIRIS image subset
r1(x,y)   m(x,y)   r2(x,y)

Final stretch factor a

an= an-1 + ∆a

Iterative APDA calculation of
PW(x,y) on the subsetBest channel combination

  [r1]   [m]   [r2]

σn(PW) > σn - 1 (PW) Y

N

LUT with L
i
  and L

atm,i  ,

created by MODTRAN3
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Compute Iterative APDA for
all channel combinations

Optimize Channel Combination

LUT with Li  and Latm,i  ,

created by MODTRAN3

Define symmetric channel combinations [r1],[m],[r2] setChannel Selection Procedure
  [r1-set]     [m-set]     [r2-set]

Calibrated AVIRIS Image Subset

Compute standard deviations
σ[r1],[m],[r2] (PW)  over the

image subsetRadiance at the sensor at
changing visiblity (aerosols),
 simulated by MODTRAN3 Find the 10 (or less) best channel combinations by taking only

 the best performing methods for both standard deviations.

Test the method set in the image and define interactively the
favorized channel combination (based on image performance)

Output best performing channel combination [r1], [m], [r2]

Compute Iterative APDA for
all channel combinations

Compute standard deviations
σ[r1],[m],[r2] (PW)  over the

visibility spectra
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absolute water vapor contents (PW, [cm])
1.9 2.0 2.1 2.3 2.5 2.7 2.92.2 2.4 2.6 2.8

relative water vapor contents (∆PW, [cm])
-0.2 -0.1 0 +0.1 +0.2

channel 54 (881nm) DEM, shadow view

absolute CIBR processing absolute APDA processing

relative CIBR processing relative APDA processing

N
km

0 1 2 3

2-8-1996, D.Schläpfer, LANL / RSL
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absolute water vapor contents (PW, [cm])
1.75 1.80 1.85 1.951.90N

km

0 1 2 3

2-13-1996, D.Schläpfer, LANL / RSL

channel 55
(874nm)

LIRR processing APDA processing

 LIRR
unregistered

APDA
unregistered
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